Results regarding the association between a-adducin (ADD1) gene and essential hypertension (EH) risk remain inconsistent. Therefore, we performed this meta-analysis to investigate this association.
Background
Essential hypertension (EH) is a most common cause of cardiovascular disease, which often results in myocardial infarction, stroke, end stage renal disease, and congestive heart failure [1] . As an important worldwide public health challenge, an increasing number of investigations devoted to identification of the possible associated factors and novel therapeutic targets for EH.
EH is considered as a highly prevalent, complex, multifactorial disorder caused by multiple susceptibility genes and various environmental factors [2, 3] , such as 1) cardiovascular remodeling, 2) increased cardiac output and total peripheral resistance, 3) decreased production/responsivity to vasodilators, 4) abnormal cell signaling [4] , 5) immune reaction [5] , 6) inflammation, 7) elevated sympathetic nervous tone [6] , 8) arterial baroreceptor adaptation, 9) renal dysfunction [7] , 10) over activity of renin-angiotensin-aldosterone system (RAAS) [8] , and 11) oxidative stress [9] . Recently published studies reported there may be the association of adducin (ADD) gene polymorphisms and the occurrence of EH [10] [11] [12] .
Adducin, an a/b/g heterodimeric protein found in many tissues, is a cytoskeleton component involved in intercellular contact, signal transduction and ion transport across the cell membrane [1, [13] [14] [15] . Cusi et al. first reported a-adducin (ADD1) gene might be a candidate gene for EH [16] . Subsequent studies [2, [17] [18] [19] [20] have also investigated the association of this gene polymorphism with the susceptibility of EH. However, the results in those studies have been varied [21] . Some studies [1, 22, 23] demonstrated the positive association between ADD1 gene and EH, however, other studies finally got negative results [3, 19, 24] .
Although several systematic reviews [15, 25, 26] have been conducted to explore the association of ADD1 gene and EH, there have been an increase in the number of studies which were published subsequently and were not cited by those reviews. Furthermore, some factors which might influence the analyzed results, such as age, and body mass index of the subjects, have been not identified in those reviews. Hence, we performed this meta-analysis to investigate the association between ADD1 gene and EH systematically.
Material and Methods

Literature search and selection
We comprehensively searched PubMed and EMBASE from January 1970 to October 2014. The search key words were used included "essential hypertension (EH)" "alpha-adducin (ADD1)" and "polymorphism". Relevant articles in reference lists of published literatures were searched for potential studies manually.
Inclusion and exclusion criteria
In this meta-analysis studies were included if they met the following criteria: 1) case-control studies; 2) investigating the association of ADD1 Gly460Trp (rs4691) single nucleotide polymorphism (SNP) and susceptibility to essential hypertension; 3) hypertension defined as systolic blood pressure (SBP) or diastolic blood pressure (DBP) 140 or 90 mmHg; 4) providing sufficient information on genotype frequencies; 5) not animal studies. We excluded studies if detail genotype frequencies were not reported.
Data extraction and quality score assessment
Two reviewers extracted the data independently, and the third senior reviewer assessed the result. Then, the necessary information was extracted from a study: first author's name, year of publication, country, ethnicity, Hardy-Weinberg equilibrium (HWE), the sample size of cases and controls, and genotype information. Different ethnicity descents were divided into Asian, Black, and Caucasian. In case of lacking in any necessary data from a study, authors of selected studies were contacted for the missing data. The two reviewers came to an agreement after the discussion. Each study's quality included in this text was assessed separately by the three reviewers using the Newcastle-Ottawa Scale (NOS) [27] [28] [29] . Evaluation contents were categorized as the selection, comparability, and exposure (case-control trials) or outcome (cohort trials) of the studies with a nine-point scale. To minimize selection bias, two investigators rated each study independently and subsequently assigned a score based on the NOS scale.
Statistical analysis
We performed statistical analyses using Stata statistical software ver. 12.0. For each study, we examined whether the genotype distribution in controls was in HWE using the c 2 test. The combined odds ratios (ORs) with corresponding 95% CIs were calculated using the heterozygote model (GT/GG), homozygote model (TT/GG), dominant model (TT+GT vs. GG), recessive model (TT vs. GT+GG), and allelic model (G allele vs. T allele), respectively.
Heterogeneity across all selected studies was drawn using the Q-test and the I 2 statistic (range, 0-100%) [30] [31] [32] , and it was judged significant when P<0.1 or I 2 >50%. A fixed-effect model was initially employed in the analysis. Once significant heterogeneity was observed, a random effects model was more appropriate. Sensitivity analysis pooled with the random-effects model was performed to evaluate the stability of the crude results, after removing one study at a time. Subgroup analysis was performed to explore the source of heterogeneity, based on ethics, age, BMI, HWE, and hypertension definition. Both the Begg's funnel plot and the Egger' linear regression test were performed to measure publication bias [33, 34] . A P value lower than 0.05 was considered statistically significant.
Results
Characteristics of included studies
Eighteen articles [1] [2] [3] 10, 11, [15] [16] [17] [18] [19] [20] [22] [23] [24] [35] [36] [37] [38] were included with a total of 5071 cases and 6921 controls in this meta-analysis finally. The detailed flow diagram of the study search process was shown in Figure 1 . The characteristics of the selected studies and included patients are provided in Tables 1 and 2 , respectively. There were seven studies [11, 16, 17, 19, 23, 35, 36] in which genotype distributions in controls were not in agreement with HWE.
Meta-analysis results
We pooled all included studies and analyzed the association between the ADD1 Gly460Trp polymorphism and EH risk. The detailed results of the pooled analysis are listed in Table 3 . After meta-analysis with fixed-or random-effects models, there were not significant associations in all genetic models for the heterozygote model (GG/GT; OR=0.893, 95%CI: 
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N -number of studies included; OR -odds ratio; P h -p value for heterogeneity; HWE -Hardy-Weinberg equilibrium; BMI -body mass index; SBP -systolic blood pressure; DBP -diastolic blood pressure. * OR with statistical significance.
or SBP/DBP 160/100 mmHg. After meta-analysis of the two subgroups, no evidence of an association was found.
Sensitivity analysis
Sensitivity analysis was conducted to evaluate the stability of the crude results. The results showed that no single study affected the stability of the crude results because substantially changed ORs were not observed ( Figure 3) . Results of this meta-analysis were reliable.
Publication bias
Publication bias was evaluated using Begg's funnel plot and Egger's test. Begg's funnel plot was acceptably symmetrical (Figure 4 ) and inexistent publication bias was confirmed by the Egger's test (p=0.336). 
Discussion
In this meta-analysis, a total of 18 eligible studies [1] [2] [3] 10, 11, [15] [16] [17] [18] [19] [20] [22] [23] [24] [35] [36] [37] [38] , including 5071 cases and 6921 controls, were selected and analyzed. We demonstrated that ADD1 Gly460Trp polymorphism was associated with a higher risk of EH in the allele T carriers who were of Asian descent, younger than 55 years old, and with a normal BMI. No associations were found in Caucasians and Blacks between ADD1gene and the EH risk.
ADD1 is one among the proteins that have roles in Na + -K + ATPase activity [15] . The ADD1gene in humans is highly homologous to that in rats [2] . Animal models using the Milan hypertensive rat strain suggested abnormal adducin by genetic mutation could affect the surface expression and maximum velocity of Na + -K + ATPase and subsequently strengthen renal tubular Na reabsorption [39] [40] [41] . Humana-adducin gene locates at chromosome 4p16.3 and includes 16 exons [26] . The mutation of the Gly460Trp polymorphism in the ADD1 gene has been reported to be associated with hypertension in many previous studies. An investigation by Cusi et al. [16] based on initial case-control, showed that the ADD1 Gly460Trp polymorphism was implicated in the genetic component of hypertension in Caucasian descent populations. In that study above, they also studied the blood pressure response to acute and chronic changes in sodium balance in hypertensive patients with and without the 460T allele. The findings of the association between the ADD1 and EH risk and greater sensitivity to changes in sodium balance among patients with the T allele showed potential linkage of ADD1 gene to hypertension.
An increasing number of studies have reported the investigation in Caucasians [11] , Japanese [2] , Chinese [1] , and Koreans [3] . However, the results in those studies were inconsistent. Larson et al. [19] reported negative association of ADD1 gene variants with hypertension in African Americans. Nevertheless, the results in an investigation by Barlassina et al. [22] suggested an association of the 460-Trp allele with EH in subjects of African origin. Whether ADD1 Gly460Trp polymorphism associates with the risk of EH remains controversial. In 2010, Niu et al. [26] performed a meta-analysis which failed to provide evidence for the genetic association of ADD1 gene Gly460Trp polymorphism with hypertension. However, recently published studies reported positive association between the ADD1 gene and EH. Therefore, it is necessary to conduct a meta-analysis again to explore the prevalence of Gly460Trp polymorphism in EH patients.
In this meta-analysis, the findings provided an evidence that T allele variant carriers were identified with an increased risk of EH in Asian population. However, it should be interpreted with caution due to the moderate heterogeneity. A study by Ju et al. [1] conducted among a Chinese Han population showed a positive and independent relation of ADD1 Gly460Trp polymorphism with EH. Yet, Niu et al. [26] performed a study that combined the linkage and association strategies to test the correlation of ADD1 rs4691 polymorphism with EH, and failed to find any evidence for this relationship. During sub-group analyses, we found an effect of ethnicity on the association between ADD1 Gly460Trp polymorphism and EH risk. And T allele variant carriers, who were younger than fifty years old and had healthier BMI, were susceptible to EH. It revealed that age, BMI, and ethnicity had roles in risk of EH. These findings further indicate hypertension is a multifactorial disorder that is caused by environmental factors, genes, and lifestyle of individuals. More factors that might be related with the risk of hypertension need to be identified.
There were some limitations in our meta-analysis. Firstly, the number of studies selected for sub-group analysis of ethnicity was too small. Secondly, only studies published in English were included in this meta-analysis, and we excluded those papers which were reported in other languages. This might produce bias in results of this meta-analysis. Finally, we only meta-analyzed the association of ADD1 gene Gly460Trp polymorphism with EH, and did not consider other gene-gene or gene-environment interactions that might be associated with EH.
Conclusions
The findings in our meta-analysis show an association of the ADD1 gene Gly460Trp polymorphism with EH susceptibility in Asians, but not in Blacks and Caucasians. And T allele variant carriers were more susceptible to EH. Well-designed studies that include gene-gene and gene-environment interactions should be considered in future.
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